RCPORT RCtUNCS 

ED 018 iOl sc 004 sso 

NUCLCAR ICICNCCi AN INTRODUCTORY COURSE. 

ST- SULCOSRI , JOHN W. 

WILRCS-SARRC CITY KHOOLSi PA. 

PUR DATE Sr 

SRANT OCS-S-7-70S4S7-37SS 

CDRS PRICE NF-10.50 HC<|S.3t SIP. 

DCKRIPTORS- «A TONIC THEORY i SCURRICULUH DCVCLOPHCNTi 
*CHCNISTRYi «CURRICULUN OUIDCSi SLABORATORY SAFETY i SNUCLCAR 
PHYSICSi ^PHYSICAL KICNCCSi SPHTSICSi 4TCACHINS SUIDCSi 
AUDIOVISUAL AIDS. BIBLIOSRAPHICS i BIOLOOY. CURRICULUH. FILNSi 
KICNCC COUIPNCNT, SCIENCE NATERIALSi SCIENCE ACTIVITICSi 
KIENCC FACILITICSi WILKES-BARRE CITY KHOOLSi 

THIS CURRICULUH GUIDE DESCRIBES A TWELFTH-GRADE 
INTERDIKIPLINARYi INTRODUCTORY NUCLEAR KIENCE COURSE. IT IS 
BELIEVED TO FILL THE NEED FOR AN ADVANCED COURSE THAT IS 
TINELY, CHALLENGING, AND APPROPRIATE AS A SEQUENTIAL ADDITION 
TO THE BIOLOG Y-CHCHISTRY-PHYSICS SEQUENCE. PRELIMINARY 
INFORMATION COVERS SUCH MATTERS AS (1) RADIOISOTOPE WORK 
AREAS, (t) NUCLEAR SCIENCE LABORATORY, (3) PURCHASING 
EQUIPMENT, (4) CONSTRUCTION AND MODIFICATION OF EQUIPMENT, 

(S) LICENSING AND LEGAL REQUIREMENTS, (S) STANDARDS FOR 
PROTECTION AGAINST RADIATION, AND (7) THE SAFE USE OF 
RADIOISOTOPES. THE SECOND PART OF THE DOCUMENT PRESENTS A 
SUGGESTED SYLLABUS FOR A ONE-SEMESTER COURSE IN NUCLEAR 
KIENCE, AND INCLUDES (I) CONTENT OUTLINE, it) LEARNING 
EXPERIENCES AND LABORATORY EXPERIMENTS, (3) TEXT PTFCRCNCES, 

AND C4) AUDIOVISUAL AIDS (ANNOTATED FILM LISTS). 

SUPPLEMENTARY SECTIONS INCLUDE (1) NUCLEAR SCIENCE REFERENCE 
MATERIALS, (R) ATOMIC ENERGY COMMISSION (AEC) PUBLICATIONS, 

(3) FILMSTRIPS PREPARED BY THE RADIATION KIENCE SEMINAR 
STAFF. (4) AEC FILM SERIES, (5) SIMPLE EXPERIMENTS FOR HIGH 
KMOOL STUDENTS USING THE CIVIL DEFENK V-700 GEIGER COUNTER, 
(•) AUTORADIOGRAPHY PROCESSING FORMULAS, (7) NUCLEAR 
EDUCATION EQUIPMENT, AND (S) NUCLEAR EQUIPMENT SUPPLIES. (DH) 
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Shown above is the inexpensive autoradiography kit 
marketed by Atomic Corporation of America. With 
this kit, no darkroom is needed for autoradiography 
experiments. 
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THE NUCLEAR SCIENCE LABORATORY SEQUENCE 




r~i rn 



rr~i 



m cm cm 





C 

o 

u 

4J 

0) 

c 

cd 

0) 

C 

•H 

6 



0) 

Cxo 

0 ) 0 ) 

4J iH 
O 

O U 
4J 



a 

•H 

4J 

i-H 

0) 

•H 



Cd M-l 

X 



cd 

i-H 

•H 

4J 

cd 



CO 

0 ) cd ^ 
cd 

Cxo iH c /3 
C 



CO 

4J 

C 

0) 

d 

4J 

CO 



0) 

CO 

0) 



•H 

U 

d 

0) 

N 

4J 

•H 

O 



0) 

o 

c 

0) 

•H 

O 






Cd 

o 

•H 
6 
0) 

o 
o 

•H 

Cd ^ 

u o 



o 

Cd 

B 

u 

Cd 



f 



Cd 



I 

CO 

I iH 

Cd M 

M o 

o 4 J 0 ) 
Cd ^ 
M 4 J 
O 

Cd Cd Cd 

I— I > 
M-l 

o CO 

O -H 

u ^ Jc 

0) 0) 4J 

o 0) a 

cd > M 
0 ) cd 

4J ^ 

O 0) 
4J U 

s 

4J 

o 
0) 

M-l 0) iH 
O CO 

. . O 4J 

Cd o 

0) 

H -a 'O 
cd 0) 0) 

4J o 

a <u 

0) )-l 



0) 

> 

0) 



0) 4J 

^ o 

4J C 

a CO 
•H ’H 

« 4J 

>-< -H 

(U 

> • 
0 ) 0 ) 
> H 
O 0) 
PS ^ 

c 

> 

'O o 

•H *£2 
CO 



O CO 

4J 4J 



Cd 

u 

o 

cd 



•H 

i 



CO 

•H 



6 



0) 



cd 

> 

0) 



CO 



0) 



0 

1 



CO 

U CO 
O 0) 
4J iH 



% 
u 
00 
o 

Q* 

. 0) 
O 
C 

O 0) 
U O 
g„ 
Cd 

U 0) 
Q) 1-H 
> O 
O 9 
O C 



0) 

4J O 
*H 6 

0 ) cd 

4J U 
0 ) 00 
1-H O 
p- ^ 
B o* 
o 

O 0) 



4J 



cd o 

rH (1) 

Q) 1-H 

u 

U 0) 

o ^ 

O 4J 

o 'd 

4-> d 



0) 



cd 



- e 

Cd 

tH M 
CO 00 
CO o 

o u 
a a 



CO •• 

-d 6 



o 

0) 

B 



cd 

00 

o 

u 

cx 



o 

4J Cd 
1-H 
MH 

O 0) 
»d 

0) 4J 
O 

•H MH 

O O 



O 



CO 



d 
o 

•H 
4J 

jd cd 

CO 00 
cd 0) 

•“s 

M -H 
O 

4J 0) 
2 

d 4J 



CO 



00 
d 
►H 
H ^ 
O 

0) Cd 
rd 4J 
H 4J 
Cd 

C4H 

O 



CO 

o 

U 

Q) 1-H 

ncj cd 

§ ^ 

O 

d *H 
0) ^ 
> > 
•H 

00 • 

CO 

0 ) 0 ) 
o o 
c c 
0 ) 0 ) 
3 tH 
O* 

0 ) 0 ) 

” S' 
0 ) 0 ) 

4J 00 
d 
•H 
d 
M 
cd 
0) 



g 



o 

MH 



Cd 



4J 

•H 

s 

4J 

CO 

)-i a 
•H 0) 
C4-I > 
•H 

0) 00 

id 

4J 0) 

O 

u d 
0 ) 0 ) 
4J d 
MH 

cd 0 ) 

CO 

d ^ 
O 0) 
•H 

4J O 
Cd o 
-H 

0 ) 0 ) 
M id 
U 4J 

8 > 

o 

Q) 1-H 
M 1-H 
O 
MH 



CO 
1-H 
Cd 

4J I 

- ^ d X -d 

M »d 0) 0) d 

“ * g 

cd u 



0 ) 0 ) 



o 

> - 
cd id cd 

^ ^ § tH 



cd 



*H 

0 ) id mh 



o 

d 

0) 

d 

cr 

0) 

CO 



CO 

o 

d CO 

o cx 



I-H M 

cd cd *d 
0 ) 0 ) 
0 ) 4 -t 1 -H 4 -> 

^ d > 
CO d 
CO cd 
•H o 

4 J 



id 

u 



u 

0) 

C4H 



& 
4 J 
CO 

I- 

0) B 

q) 

id 

0) o 



0 ) 0 ) *d cd 
M pa 0) 

CX 4 J 

'd o 
d > 



MH 



2 

CO 00 d 

4 J o ^ 



o 

^ ^ ^ . •H 

MH Cd 0) Cd O 4J 

cd 'd o- *H cd 

4j 



CO Cd CO 
•H 



>-i 

0) a 



o 

•H 



C/3 4J 4J iH CL 

C/3 0) 4J Cd CL 

(Xi t-l iH CO Cd 

0) Cd 4J 

(U CO CL (U CS iH 

" ^ xi 



^ cd ^ 

H ^ 4J 4J 
U CO 

>.-H ti 

^ C4^ cd 



g s 

>H 0) 
>-i a 
0 ) 0 ) 
CL 00 



u 

•H 

0) 

O ^ C 
& 4J 



C4-I 

o x: 

iH 00 

C 0) 3 

o go 

0 ) cd 4-1 

id o iH 

tJ 0) <a 

id 



0) 

cd 

CO 



0) 

3 



4-J 1-H 

X o 
0) o 

4J id 

o 

CO 



4-1 

d 

0) 

B 

4-1 

cd 

0) 

4-1 



U 0) 
cd M 
0 ) cd 

1-H 

O CO 
d iH 

d cd 
d 

0) 
f-H 
iH 0) 
0) CO 
O 0) 

X ^ 

0) 4J 
00 4J 

s 

cx 



•H 

d 

•H 

cd 

4-1 

d 

o 

o 



4-1 

CO 

i 



cd 



o id mh 
4J 00 O 

cd -H 

M id 0 ) 

o 'd 

M Q 

o B 

. . mh 

'd 

0) CO d 
CO 0 ) cd 

Q) 1-H 

H cd g 

•H S 
d o 

CO mh 



0) 
4-> id 
CO 4-1 
•H 

X u 

0) o 

C4H 

CO 



id 

o 

•H 

6 

o 

u 

MH 

CO 

li^ 

o 

o 

id 

0) 

o 

d • 

0) 'd 
M 0) 
0) 4-1 

MH cx 
0) o 

cd 

u 

0 ) 0 ) 

id id 

o 

cd Ps 
0 ) cd 
4J B 



cd CO CO CO 
s 4-1 cd 4-1 

d d d 

§ 0 ) 'd 
6 0) 

•H d 
M M 00 M 
Q) Q) *H Q) 
id CX CO a 
4J X 0) X 
o 0 ) *d 0) 




o 

<N 





w 

sz: 

o 

H 

5 

U 

M 

S3 

H 

C/3 

p 

Q 






h4 

U 



CJ 

3 



CM 

CO 

PU 



CJ 

C 

0) 

•H 

O 

•H 

U-l 

U-l 

PJ 

4J 

c 

0) 

60 

0) 

u 

0) 

Q 



5h 

O 

O 

P 

0 
H 
P 

1 

P 

u 



u 

/-N 3 

o 

30 

o 

iHCM 

m 

CM PLi 
m w 
Pu 

w 4J 

3 

u cd 
3 »-• 
3 PU 



O 

3 



o 

3 



Pu 

3 



CM 

3 m 
Pu 
3 ^ 



3 

4J 



P 3 



3 3 

4J^ iH 
3 O 4 pLi 





^vO 








pm 




CX3 




i-H 




m 




in u 




CM 




i-H 




3) 




M 








0 




^ - 








m 3 




3 0 




CM 0 




rH 3 




P *H 




3 




w 4J 




3 iH 




0 




C/3 • 




3 3 




0 


Pi 


0 M 


C/3 


VO 


H 


•H 4J 


u 


CM ^ 


C/3 


4J X 


M 


CM 0 


M 


3 pa 



C/3 






CM 



*3 3 








H 


p 0 


MM 


PM 






3 *3 


0 








0 PM 






3 






60 






60 


PM mm 


3 


Pm 




U 


0 


•H 




3 


3 


MM 


"3 


U 


u 


3 


0 3 


3 


P 


2 


pa 


0 


3 


#5 


3 




3 •H 


Pm 




cf 




0 4J 






cn 


3 


•H 3 


4J 






0 


4J iX3 


0 




3 


3 


CM*H 


0 




3 


Q 


u u 


u 




U 




0 4J 


1 




3 


3 


3 3 


3 




> 


4J 


P •iM 


0 




3 


3 


CO 






M 


PQ 



g 

P^ 

a 

h3 

U 

S3 

Z 



•H 4J 
(X ti 
•H 3 
O > 

3 

M O 

pL4 cn 

3 3 

O O 



4J 

3 

U 

3 

a 

3 



4J 

3 

u 

3 

a 

3 



C/3 

525 

O 

H 

5 

u 

H 

s 

% 

ctl 

H 

cn 

S3 



§ 

pa 

P 

u 



cn cn 






• CJ 

o 3 

o »H ^ 

o> . y 

MO 3 
CO 

^ 00 
60 

7i 60 
(6 ti 60 
O •*-! C 
60 *H 
(0 :3 4J 
00 cd CO 
0) U 0) 
G . 

■X ^ 

O 4J )-l 
•H CX CO 
4) 4) 

H O & 



ca 



Pd 

M 

H 

CO 

g 

pa 

C/3 

I 



o 

< 

Pi 

o 

Pm 

C/3 

^ M 

M M 
Pi H 
M U 
g3« 

U M 
H ^ 

58 i 

PP » 

O 55 
W M 

M w 



g 



GO 
S 3 O 
cn CJ 



O 

ERIC 



<r 



0 










CM 








0 


tH 








3 


H 








rM 










fl 


CJ 








0 


3 














0 






rM 




3 




m 


• 








rM 


0 




rM 




3 






• 




U 


0 


CJ 


0 






rM 


3 








CM 


0 








0 


m 3 


m 




0 


04 


• 


rM 




3 


w 0 iH 


3 




3 




• 


U 




•H 


GO 0 


s-/ 




O O 


GSO — 






3 iM 


CJ 


0 r>^ 


3 




MM 


«H 


CJCO 


3 




rM mm 


> 


WrH 


3 




• pa 


3 


G 


4J 




0 


P 


• CJ 


3 


3 


4J 




0 ^ 


rM 


G VO C 


60 


G 


Oa 


0 fO G 


d 


G 




u 


rM E 


«H 


m 0 


U 


3 


U 3 


M 


. -H 


3 


0 


U 


0 


0 4J 


60 


3 


4J 


4J 


G 


•H 




3 3 


•rl 


G M 


3 


0 


6 3 


3 


M G 


CJ 


d 


•H hM 


Q 


G Pi« 






4J 


2 


G 


3 


*3 


3 




G M 




3 


60 


rM 


;S ^ 


60 


3 


3 


3 




d 


0 


•H 3 


d 


G 


•H 


U 


> 3 


0 


G rH 


4-1 


6 O 1 H 60 


3 


> P< 


4-1 




0 s 


M 


H e 


0 


CJ 


G G 


3 


G G 


rM 


3 


G ,G 


tu 


CO CO 


PM 


PQ 


Pd U 




4) 4) 4) 

f-H f-H iH 

Q> & 

S B ^ 

CO CO CO 
CO CO CO 



i- 



J >> >> >> 

3 ^ ^ ^ 

H G G G 
• 000 



cO G G 

•nC *nC 
•G "G "G 

aa a 



C 4-1 C 4-1 14 ^ 

CO o o o 

•H G G G 
4J o o o 
G *H *H *H 
4J 4J 4J 

^4 &4 &4 

C4-I >-i M M 
iH O O O 
G n G G 

W ^ ^ ^ 



G 

O 

M 

G 

O 

G 

O 

G 

G 



G 

M /-N 
60 O 
G G 
■U 

G *H 
•H • 
G O 
•H 

QOO 

C4-I G 

O U 

3 

3 3 
3 ^ 



g 



d I 
•a MM 
3 ^ 

SI 



cn 

g 

CJ 

H 

CJ 

M 

hJ 

Pm 

O 

§ 

PU 



58 



CO 

Z 

o 



H 

CO 



S 



w 

o 



'G 





G 'G 




f-H I-H 


4-1 


G G 


0 


G *H 0 




G (if G 








0 iH 


0 


•iM • 


3 


4J 0 




3 


rM 


3CM 


• 


6om 


0 


3 P 




S ^ 


0 




CTN 


3 






C/^ 












0 


3 


3 


3 




rM 


rM 


0 


• 


•iM 


0 


4-1 




u 




3 


0 


34 


CM 




r-^ 


3 


H 


4-1 




3 




PP 


60 60 3 


G G 


tH UH 


•H 


G 0 



t-i t-i .00 
G G B G 
4J 4J G O 

4J 4J ^ *H 
G G CJ 4J 

00 a 

CO G 'G G 
,!*5 G G r-H 
O *G O y-t 
G • G 
PQ CO U O 



O 

G 



m 

iH O 
U iH 



CM 



G m 


u 


PM 


3 


V-/ 






B 




G XI 


xi 


CM 


CJ 


3 




M 


G 


60 


0 


0 


•iM 


•iM 


4-1 




3 


3 


N 




•iM 


0 


3 


4J 


0 


3 


M 


< 




DeBroglle Equation 
Application of DeBroglie Theory 
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EXPERIMENT 3 ABSORPTION OF BETA RADIATION EXPERIMENT 4 ABSORPTION OF GAMMA RADIATION 
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Correct all activities for background. Plot a 
graph of the data with number of absorbers on the 
abscissa against the corrected activity on the ordin- 
ate. From the graph, what relation exists between 
absorber thickness and intensity of radiation? 



EXPERIMENT 5 SCATTERING OF RADIATION 
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